Summary.
The Since ENGSTROM and RYTZNER (1956) first described the ultrastructure of rabbit taste buds, many investigators studied the ultrastructure and/or histochemistry of the taste buds in mammals, amphibia and fishes, but there have been no ultrastructural reports on the reptiles.
Among the morphological investigations on the taste buds, special attention has been paid to the cell types and the synaptic contacts. MURRAY and MURRAY (1971) concluded that three distinct mature cell types were present in rabbit foliate taste buds based on the ultrastructural and autoradiographic observations. After their work, three similar distinct mature cell types have been also reported in other mammalian taste buds (PARAN, MATTERN and HENKIN, 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976) . The ultrastructures of taste organs in many lower vertebrates have also been reported (HIRATA, 1966; FAHRMANN, 1967; FARBMAN and YONKERS, 1971; DURING and ANDRES, 1976) , and many differences in the structures of the taste organs between mammals, amphibia and fishes have been pointed out. However, reptiles have not been examined in this field of study.
Thus, elucidation of the ultrastructure of reptilian taste buds seemd necessary for the philogenetic consideration of the vertebrate taste buds. In some vertebrates, supporting or dark cells of the taste buds contain secretory polysaccharides (FAHRMANN, 1967; FARBMAN and YONKERS, 1971) , so elucidation of polysaccharide in taste buds will be useful for comparing the taste bud morphology with that of other species.
The relationship between taste bud cells and nerve endings has been considered as another important problem. It is necessary to elucidate the fine structural details of synaptic contacts on the taste bud cells as well as the histochemical characteristics of neurotransmitters.
On the basis of the physiological experiments, acetylcholine and noradrenaline have been proposed as the chemical transmitters from the gustatory cells to afferent nerve endings (LANDGREN, LILJESTRAND and ZOTTERMAN, 1954; MORIMOTO and SATO, 1975) . UGA (1966) found a number of granulated vesicles in the presynaptic side of the frog taste organ cells, and he described that these granulated vesicles resembled those of adrenergic nerve endings. DEHAN and GRAZIADEI (1971, 1973) demonstrated the existence of biogenic monoamine in the frog taste organ using the fluorescence histochemical method.
The monoamine fluorescence was further recognized in the taste buds of the sheat-fish (REUTTER, 1971) and some mammals (GEERDINK and DRUKKER, 1973; HIRATA, 1975a, 1976; TAKEDA, 1977) , however, the localization of monoamine-containing cells (MC-cells) in the taste buds differed among several vertebrates, and functions of MC-cells are still enigmatic (NADA and HIRATA, 1977) .
Since BARADI and BOURNE (1959) demonstrated acetylcholine esterase activity in the rabbit foliate taste buds, many researchers have investigated the localization of acetylcholine esterase activity in the taste buds and the subgemmal nerve plexus of some mammals in normal and experimental conditions by light and electron microscopic histochemistry.
On the other hand, little has been reported on the taste organs in lower vertebrates (REUTTER, 1971; DEHAN and GRAZIADEI, 1973) .
This study aims to elucidate the ultrastructural characteristics of the taste buds in some reptiles and also to demonstrate the localization of monoamine, acetylcholine esterase activity and polysaccharide by histochemical methods.
MATERIALS AND METHODS
The tongues, maxillae and mandibles of tortoises, Clemmys japonica (TEMMINCK et SCHLEGEL) and Geoclemys reevesii (GRAY), lizards, Takydromus tachydromoides (SCHLEGEL) and snakes, Elaphe quadrivirgata (BOIE) were used in this study.
Fine structures
Animals were anesthetized with ether or sodium pentobarbital (Nembutal), then they were perfused with 1% glutaraldehyde-1% paraformaldehyde mixture in 0.1M sodium cacodylate buffer at pH 7.2-7.4 via the ventricles.
Tongues, maxillae and mandibles, excised and immersed in the same fixative overnight, were postfixed with 1% OsO4 in 0.1M sodium cacodylate buffer at pH 7.2-7.4 for 1hr and were dehydrat-ed with graded acetone and propylene oxide, embedded in Epon 812. Ultrathin sections were obtained on a Porter-Blum MT-1 ultramicrotome and were stained with uranyl acetate followed by tartrated-stabilized lead hydroxide. Observation was made with a Hitachi HU-11DS electron microscope. Semithin sections stained with 1% toluidine blue in 0.1M sodium phosphate buffer at pH 7.2 were used for light microscopy.
Experimental procedures on the observations of monoamine localization
In order to demonstrate the localization of monoamine, the taste buds of the tortoises, Clemmys japonica, were examined by both fluorescence and electron microscopes under untreated and experimental conditions as follows. The animals were divided into three groups: Group 1. Untreated animals. Group 2. The animals which received an intraperitoneal injection of 200mg/kg nialamide (a monoamine oxidase inhibitor) and, 2hrs later, an injection of 30mg/kg of 5-hydroxytryptophan (5-HTP), and were killed 1-2hrs later. Group 3. The animals which received an injection of 200mg/kg nialamide and, 2hrs later, an injection of 100mg/kg L-DOPA, and were killed 1-2hrs later.
These animals were anesthetized with sodium pentobarbital and perfused with ice cold 4% paraformaldehyde-0.5% glutaraldehyde mixture in 0.075M sodium phosphate buffer at pH 7.2-7.4. The tongues were removed and stored in the same and propylene oxide, embedded in Araldite (KATAOKA et al., 1979 (RAMBOURG, HERNANDEZ and LEBLOND, 1969) , coated with carbon and examined.
RESULTS

Fine structures
The taste buds were found on the tongues and the oral epithelium of maxillae and mandibles in the tortoises and the lizards. In the snakes, however, they were observed not on the tongues but only in the small eminences covered with stratified squamous epithelium located along the dental arch. In longitudinal sections, the taste buds were mainly found as a group of slightly clear cells among the lingual or oral stratified epithelium ( Fig. 1) . Their appearances were almost bud or barrel in shape, lizards and the snakes. Numerous oval nuclei with prominent nucleoli of the taste bud cells were mainly located in the basal one-half to two-thirds of the taste buds ( Fig. 1, 3 ). In the apical part, on the other hand, there were no typical taste pores ( Fig. 1 ), but the apices of the taste bud cells ended freely at the lumen of the oral cavity with or without microvilli (Fig. 2) . The taste bud cells in this region consisted of only slender cytoplasmic processes, mostly, including numerous dense granules ( Fig. 2 ) and were connected with each other by many desmosomes. Just below the apices of the taste bud cells, tight junctions were frequently observed.
Some bundles of unmyelinated nerve fibers penetrated the basal lamina of the taste buds and terminated to form many nerve enddiameter and they contained neurotubules, small mitochondria, glycogen particles, a few clear or dense cored vesicles and occasionally lipid droplets.
Based on the characteristic cytoplasmic organellae of the taste bud cells and the related nerve endings, three types of cells, type I, II and III, were classified ultrastructurally in the taste buds of all kinds of reptiles used in this study. observed around the Golgi apparatus, and the Golgi cisternae sometimes contained dense fine granules (Fig. 4) . A number of these dense granules were accumulated The asterisk indicates a deeply indented nucleus of a basally located cell which contains small dense-cored vesicles. 1 type I cell, in the apical region of this cell and sometimes this cell protruded its cytoplasmic extrusions which also contained numerous dense granules, but no exocytosis was observed (Fig. 5a) . The basal region of the type I cells contained numerous mitochondria and bundles of tonofilaments. The nerve endings were seen along with the type I cells, but synaptic specialization was not observed.
In cross section at the level of apical region, the type I cells enclosed other types of cells with their cytoplasmic processes.
In the lizards and snakes, the fine structures of the type I cells somewhat differed from those of the tortoises.
In the lizards, the Golgi apparatus was not so welldeveloped and the characteristic dense granules were few in number and almost spherical in shape (Fig. 5b) . Besides, in the snakes, the dense granules had a moderate dense central core and an electron lucent peripheral halo (Fig. 5c ).
Type II cell: This type cell contained numerous vesicular, tubular and lamellated structures, but no electron dense granules as found in the type I cell. In the tortoises, Geoclemys reevesii, a number of lamellated structures which consisted of regularly arranged, stacked saccules and intersaccular fibers were observed around the Golgi apparatus and the light nucleus (Fig. 6 ). These stacked saccules were separated from one another by about 20nm intervals, and the intersaccular fibers which were about 8nm in diameter were arranged in parallel at about 10nm intervals.
Sometimes, many ribosomes were attached to the saccular membrane which was located in the most outer side of the lamellated structures (Fig. 6) . Further, the intersaccular fibers were occasionally observed being connected to the tonofilaments.
The apical cytoplasm contained only few or no lamellated structures, but a number of vesicular and tubular ones (Fig. 5) . Long slender microvilli were usually seen at the apex, but some of the type II cells had no microvilli (Fig. 5) .
In the lizards, the lamellated structures were most conspicuous and sometimes observed even in the apical cytoplasm. The type II cell in the other tortoises, Clemmys japonica, and the snakes, on the other hand, contained few lamellated structures. There were numerous vesicles, tubules and associated fine filaments in their cytoplasm (Fig. 7) .
The type II cell was frequently in contact with nerve endings along which cisternae of endoplasmic reticulum or saccules of lamellated structures were present just beneath the plasma membrane of the type II cell (Fig. 7) . In this case, the nerve endings contained a number of clear or dense-cored vesicles, but neither a specialization of plasma membrane nor an aggregation of synaptic vesicles was found; and there was no figure suggesting afferent synaptic contact.
The type II cell was usually separated from other type II and III cells by invading type I cells between them.
Type III cell: The most significant feature of the type III cell was dense-cored vesicles in the cytoplasm and synaptic contacts with nerve endings. Expanded rough-surfaced endoplasmic reticulum and dense-cored vesicles were scattered around the well-developed Golgi apparatus (Fig. 8 ) closely located to a large, light, oval nucleus with a prominent nucleolus. In the tortoises, Clemmys japonica, dense-cored vesicles, 80-150nm in diameter, were observed mainly in the basal region of the cell, but they were also found in the apical cytoplasm which contained a few vesicles and dense tubular structures (Fig. 8) . Short microvilli coated with remarkable glycocalyx were seen at the apex (Fig. 8, 12) .
The type III cell was frequently in a peculiar contact with nerve endings suggesting afferent synaptic contacts (Fig. 9 ). In the type III cell cytoplasm, some densecored vesicles were aggregated along the densely stained plasma membrane which the nerve endings were in contact with. On the other hand, the nerve endings contained mitochondria, numerous glycogen particles and a few clear vesicles which were usually not aggregated along the densely stained plasma membrane.
In an exceptional case, aggregation of synaptic vesicles was found along the plasma membrane both in the type III cell and in the nerve ending as in reciprocal synapses (Fig.  9b) .
Afferent synaptic contacts were also observed in the type III cells of the lizards and the snakes, but the thickening of plasma membrane was inconspicuous in these reptiles (Fig. 9c, d ). The diameter of the dense-cored vesicles measured 60-90nm in the lizards and 70-130nm in the snakes.
Only in the tortoises, the cells which had rather small dense cored vesicles, 60-90nm in diameter, and deeply indented nuclei were located at the basal region of the taste buds (Fig. 3) . They formed afferent synaptic contacts with nerve endings and appeared to be similar to the type III cells but did not seem to reach the free surface of oral cavity.
Nerve endings:
The nerve endings in the tortoise taste buds had a tendency to run in bundles and were sometimes in contact with each other forming axo-axonal synapses (Fig. 10) . Clear or dense-cored vesicles were closely located to the plasma membrane of one nerve ending adjacent to another, and the densification of plasma membrane occurred in these zones (Fig. 10a) . Aggregation of synaptic vesicles was usually found on one side, but sometimes it was found on both sides as in a reciprocal synapse (Fig. 10b) .
Monoamine localization
Fluorescence microscopy:
In untreated and 5-HTP treated tortoises, no fluorescence was observed in the taste buds (Fig. 11a) .
After administration of L-DOPA following nialamide, however, weak yellowish green fluorescence appeared in the apical, perinuclear and basal region of some taste bud cells (Fig.  11 b) . In any case, no fluorescence which seemed to be originated from adrenergic nerve endings and fibers was found in the taste buds and the connective tissues just beneath the taste buds.
Electron microscopy: After administration of L-DOPA or 5-HTP following nialamide, some ultrastructural changes occurred in the type III cells. In the case of L-DOPA administration, the dense-cored vesicles increased in number and often they clustered around the Golgi apparatus and close to the synapses in the basal cytoplasm of the type III cell (Fig. 3, 12) . Moreover, many large dense-cored vesicles appeared in the apical cytoplasm and their maximum size reached 250nm in diameter (Fig. 12b) . On the other hand, the dense-cored vesicles did not seem to increase in number after administration of 5-HTP following nialamide (Fig. 13) . Exocytosis of dense-cored vesicles appeared at the synaptic sites after L-DOPA or 5-HTP following nialamide administration (Fig. 12c) . The discharged contents showed lower densities than the cores of the vesicles and appeared to be fine granules. Exocytosis was only observed at the site where the type III cell was in contact with nerve endings, but the synaptic specialization was not always clearly found in these zones.
The type I and II cells showed no noticeable change but only the cytoplasmic extrusions of the type I cells increased in number.
Acetylcholine esterase activity
Both the taste bud cells and nerve endings showed no positive reaction for acetylcholine esterase.
Reaction products were observed along the axolemma of free nerve endings in perigemmal oral epithelium. Polysaccharide staining
In a light microscope, PAS positive reaction was observed in the apical region of the taste buds, while none of the taste bud cells were stained with alcian blue. Supranuclear cytoplasms of epithelial cells around the taste buds were also stained by PAS. After the staining procedures of periodic acid-chromic acid-silver methenamine technique for electron microscopic histochemistry, silver deposits were found on the dense granules in the type I cells and many glycogen particles (Fig. 4b) . The densecored vesicles in the type III cells and the lamellated structures, vesicles and tubules in the type II cells were scarcely stained. 
DISCUSSION
This study has revealed the fine structural details and the localization of monoamine in the taste buds of some reptiles.
The taste buds of all reptiles used consisted of at least three distinct mature cell types, the type I, II and III cells, and nerve elements.
1. Type I cell: Although typical exocytotic features of the characteristic dense granules in the type I cells were not observed, the well-developed Golgi apparatus, the scattered rough-surfaced endoplasmic reticulum and the accumulation of the dense granules in the apical cytoplasm of the type I cell indicate that this cell is of an exocrine type and may secrete polysaccharides because of the positive reaction of PAS and periodic acid-chromic acid-silver methenamine.
Similar results have been also reported on some types of taste bud cells in other vertebrates.
In mammalian taste buds, it was suggested that the dense granules were formed within the Golgi apparatus (SCALZI, 1967; TAKEDA and HOSHINO, 1975) , and represented the secretory precursors of the dense substances in the taste pore (TRUJILLO-CENOZ, 1957; NEMETSCHEK-GANSLER and FERNER, 1964; MURRAY and MURRAY, 1967; SCALZI, 1967; TAKEDA and HOSHINO, 1975) . SCALZI (1967) reported that the dense substance found in the taste pore of the rabbit was neutral mucopolysaccharide. TAKEDA and HOSHINO (1975) , on the other hand, reported that the dense granules and the dense substance in the taste pore of the rat were not or only faintly stained with the periodic acid-silver methenamine and the periodic acid-thiocarbohidrazid Moreover, FARBMAN (1965) found in the taste bud of the rat fungiform papillae that the taste pore was usually plugged with amorphous dense substance, but not with decernible secretory granules.
In the taste buds of other lower vertebrates, dense granules were also described as secretory granules (FAHRMANN, 1967; FARBMAN and YONKERS, 1971; GROVER-JOHNSON and FARBMAN, 1976 ) which also contained polysaccharide (FAHRMANN, 1967; FARBMAN and YONKERS, 1971) .
Some investigators (FAHRMANN, 1967; MURRAY and MURRAY, 1967; FARBMAN and YONKERS, 1971; GROVER-JOHNSON and FARBMAN, 1976; TAKEDA and HOSHINO, 1975) thought that these cells containing secretory granules correspond to supporting and/ or secretory cells, while others (DE LORENZO, 1958; IRIKI, 1960) thought that they are gustatory cells, although they did not demonstrate a synaptic contact. Synaptic contacts in this type of cells have been reported only in fishes (WELSCH and STORCH, 1969; STORCH and WELSCH, 1970; REUTTER, 1971 ), but HIRATA (1966 and GROVER-JOHNSON and FARBMAN (1976) failed to find synapses in this type of cell.
In this study, it is suggested that the type I cells in the reptiles represent not gustatory cells but supporting and secretory cells based on their cytoplasmic features and absence of synaptic contact with nerve endings.
2. Type II cell: The type II cell was characterized by the presence of numerous tubular, vesicular and lamellated structures.
In the taste buds of other vertebrates, types containing numerous vesicles and tubules have also been reported, but no report has been concerned with the lamellated structures.
In the taste buds of other lower vertebrates, similar cells which were characterized by numerous vesicles and tubules or smooth-surfaced endoplasmic reticulum were described as gustatory cells because of afferent synapses or like contacts with nerve endings (HIRATA, 1966; WELSCH and STORCH, 1969; STORCH and WELSCH, 1970; FARBMAN and YONKERS, 1971; REUTTER, 1971; GROVER-JOHNSON and FARBMAN, 1976) .
In this study, on the other hand, there was no evidence suggesting afferent synaptic contact in the type II cell as found as mammalian taste buds (MURRAY and MURRAY, 1970; TAKEDA and HOSHINO, 1975; TAKEDA, 1976) . The functions of the type II cells are, therefore, still unknown.
Similar structures of subsynaptic cisternae have been reported in the taste buds of the fish (DESGRANGES, 1966) , frog (NOMURA, MUNEOKA and KANNO, 1975), rabbit (MURRAY and MURRAY, 1970) and mouse (TAKEDA, 1976) . DESGRANGES (1966) and TAKEDA (1976) suggested that the contacts between nerve endings and the taste bud cells accompanied by cisternae of endoplasmic reticulum may be efferent in nature. In this study, neither an aggregation of synaptic vesicles nor a specialization of plasma membrane was observed, so it is doubtful whether the contacts found in the type II cell of the reptiles used should be efferent in nature.
Further studies with regard to this problem are necessary.
Many investigators also reported about the cell which contained dense-cored vesicles and formed afferent synaptic contacts with nerve endings.
In mammalian taste buds, MURRAY, MURRAY and FUJIMOTO (1969) first reported that this cell type was a gustatory cell in the rabbit foliate taste buds. Similar cells have also been reported in the rat (TAKEDA and HOSHINO, 1975) , mouse (TAKEDA, 1976) and human (PARAN, MATTERN and HENKIN, 1975) . In the taste buds of lower vertebrates, only the basal cell, which did not reach the surface of the oral cavity, contained dense-cored vesicles (HIRATA, 1966; FAHRMANN, 1967; FARBMAN and YONKERS, 1971; REUTTER, 1971; GROVER-JOHNSON and FARBMAN, 1976) except in the frog (DURING and ANDRES, 1976) .
After administration of L-DOPA following nialamide, a few fluorescent cells appeared in the tortoise taste buds and the dense-cored vesicles in the type III cell increased in number.
This finding suggested that the tortoise type III cell has an ability to uptake the monoamine precursor, L-DOPA, decarboxylate it into biogenic monoamines and store them in the dense-cored vesicles.
In mammalian taste buds, a similar suggestion was previously made by TAKEDA (1977 TAKEDA ( , 1978 in the mouse. On the other hand, monoamine fluorescence in the sheat-fish taste bud was shown in merely the basal cells (REUTTER, 1971) . In the frog taste organ, there have been several reports on the presence of monoamine (DEHAN and GRAZIADEI, 1971; HIRATA and NADA, 1975; NADA and HIRATA, 1975b) and GOOSENS and VANDERBERGHE (1974) have revealed that monoamine fluorescence originated from the basal cells. DURING and ANDRES (1976) , however, observed the dense-cored vesicles in the frog gustatory cell in spite of no recognizable fluorescence from the cell.
From the ultrastructural and fluorescence histochemical view points, it is strongly suggested that the type III cell in the reptiles used corresponds to the gustatory cell in mammalian species.
In addition to the typical afferent synaptic contacts in the type III cell, another type of synapses was highly suggestive of reciprocal.
There has been no report on the reciprocal synapses between the taste bud cells and nerve endings. TAKEDA (1976) reported that in addition to the typical afferent synaptic contacts, many clear vesicles were occasionally recognized in the nerve endings adjacent to the gustatory cell of the mouse with increased density of the membrane.
The basally located cells which contained rather small dense-cored vesicles in the tortoise taste buds were similar to the basal cells found in other lower vertebrates (HIRATA, 1966; FARBMAN and YONKERS, 1971; GROVER-JOHNSON and FARBMAN, 1976) . These cells were also similar to Merkel cells which have been reported by DURING and ANDRES (1976) in the taste organs of the frog, but lacked the finger-like processes characteristic of Merkel cells.
Axo-axonal synapse:
Axo-axonal synapses were often observed only in the tortoise taste buds, and reciprocal synapses which were identified by the presence of aggregation of synaptic vesicles on both sides were also found in the axo-axonal synapses. In the taste buds of other vertebrates the axo-axonal synapse was reported only in the frog by NOMURA et al. (1975) who suggested that the axo-axonal synapse in the taste bud represented a possibility of the control circuit to an activity of taste fibers in peripheral nerve terminals.
Acetylcholine esterase activity:
Acetylcholine esterase activity was not observed in the tortoise taste buds. MURRAY and FUJIMOTO (1970) have observed a positive reaction for the cholinesterase in the type III cell of the rabbit foliate taste buds, and the distribution of enzyme reinforced their belief that the type III cell was the primary taste transducer.
In the tortoise taste buds, on the other hand, if the type III cell is concerned with taste transduction, it is of interest to speculate that monoamine may play a more important role than acetylcholine in taste transduction. Transmitters other than acetylcholine should be supposed in the axo-axonal synapses in the tortoise taste buds.
In conclusion, the taste buds of some reptiles used in this study consisted of three types of cells. The type I cell showed structures suggesting supporting and secretory functions.
The type II cell contained numerous characteristic membrane systems and its function was still obscure. The type III cell was characterized by dense-cored vesicles and afferent synaptic contacts and represented the gustatory cell having the potential to uptake amine precursors and then produce biogenic monoamines.
Based on the ultrastructural and histochemical observations, these three types of cells may correspond to those of mammalian taste buds, and the basally located cells found in the tortoise taste buds resemble the basal cells of other lower vertebrates.
It is, therefore, suggested that the taste buds of the reptiles may hold an intermediate position between those of mammals and amphibia or fishes.
Addendum. After the completion of this manuscript I noticed a paper recently published by KORTE (Ultrastructure of the tastebuds of the red-eared turtle, Chrysemys scripta elegans. J. Morphol. 163: 231-252, 1980) , who examined the ultrastructure of the turtle taste buds, but his results somewhat differed from mine in the classification of cell types and the ultrastructural characteristics of the gustatory cell.
